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(54) Non-contact sensor system and mounting bracket 



(57) A non-contact sensor system controls move- 
ment of a door moving in a first direction. The system 
includes a rigid mounting bracket attached to a leading 
edge of the door, a transmitter extending a distance be- 
yond a leading edge of the door at a first door end for 
transmitting a signal toward a second door end. The 
transmitter is attached to the rigid mounting bracket by 
a first moveable member configured to engage a sur- 



face when the door closes and moving to a retracted 
position. The sensor system further includes a receiver 
extending a distance beyond the leading edge of the 
door at the second door end in alignment with the trans- 
mitter for detecting the signal and for generating an out- 
put signal. The receiver is attached to the rigid mounting 
bracket by a second moveable member configured to 
engage the surface when the door closes and moving 
to the retracted position. 
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Description 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a sensor sys- 
tem for controlling movement of a door or other moving 
structure and, more particularly, a non-contact sensor 
system having a transmitter and a receiver with a control 
circuit for controlling movement of an overhead door or 
other moving structure. 

[0002] Devices used for controlling the movement, 
particularly the downward movement of a door, such as 
an overhead door, are well known in the art. The follow- 
ing patents, the subject matter of which are hereby in- 
corporated herein by reference, relate to sensing edges 
for use with such a door: 

U.S. Patent No. 5,426,293 entitled "Sensing Edge 
Having A Photoelectric Switch Position Therein" 
U.S. Patent No. 5,728,984 entitled "Sensing Safety 
Edge Systems" 

U.S. Patent No. 5,832,665 entitled "Sensing Edge" 
and 

U.S. Patent No. 5,962,825 entitled "Universal Sens- 
ing Edge". 

[0003] In addition, the use of an electric eye posi- 
tioned near the floor on either side of such a door for the 
purpose of controlling downward movement of such a 
door is generally well known in the art. 
[0004] While the prior art methods for controlling the 
downward movement of a door all function adequately, 
there is a need for a more advanced non-contact sensor 
system for controlling the movement of a door which is 
not necessarily located proximate to the floor or closing 
surface. In this manner, movement of the door can be 
controlled to prevent damage to the door or to other de- 
vices, such as the prongs of a forklift, which may be po- 
sitioned within the path of the door, but not necessarily 
proximate to the floor. Prior art sensing edges required 
that the object actually contact or touch the edge to cre- 
ate pressure or to occlude an infrared or other signal in 
a sheath thereby allowing the door to come into contact 
with the object. The present invention provides such a 
non-contact sensor system for a door which extends be- 
yond a leading edge of the door and moves with the 
door, and which functions to sense the presence of 
items in the path of a downwardly moving door over sub- 
stantially the entire range of movement of the door and 
prevent the door from ever contacting the sensed items. 

BRIEF SUMMARY OF THE INVENTION 

[0005] Briefly stated, the present invention comprises 
a non-contact sensor system that controls movement of 
a door moving in a closing direction. The sensor system 
includes a generally rigid mounting bracket having an 
interfacing edge and configured to be mounted to a lead- 



ing edge of the door, a transmitter and a receiver. The 
transmitter extends a first predetermined distance be- 
yond the leading edge of the door at a first door side for 
transmitting a signal toward a second door side. The 
5 transmitter is attached to the rigid mounting bracket by 
a first moveable member. The first moveable member 
is formed of a resilient, flexible material and is config- 
ured to engage a surface when the door closes and 
moving between a first extended position and a first re- 
tracted position relative to the rigid mounting bracket. 
The receiver extends a second predetermined distance 
beyond the leading edge of the door at the second door 
side in relative alignment with the transmitter for detect- 
ing the signal and for generating an output signal when 
the transmitter signal is blocked. The receiver is at- 
tached to the door by a second moveable member. The 
second moveable member is formed of the resilient, 
flexible material and is configured to engage the surface 
when the door closes and moving between a second 
extended position and a second retracted position rela- 
tive to the rigid mounting bracket. The output signal Is 
suppressed when the second moveable member is in 
the second retracted position. The first and second 
moveable members each bend backward ly and upward- 
ly as the door closes until the first and second moveable 
members reach the first and second retracted positions, 
respectively, and each unbends downwardly and for- 
wardly to the first and second extended positions, re- 
spectively, relative to the leading edge of the door as the 
door opens. 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF 
THE DRAWINGS 

[0006] The foregoing summary, as well as the follow- 
ing detailed description of preferred embodiments of the 
invention, will be better understood when read in con- 
junction with the appended drawings. For the purpose 
of illustrating the invention, there are shown in the draw- 
ings embodiments which are presently preferred. It 
should be understood, however, that the invention is not 
limited to the precise arrangements and instrumentali- 
ties shown. 

[0007] In the drawings: 

Fig. 1 is a front elevational view of a door construc- 
tion, including a non-contact sensor system in ac- 
cordance with a preferred embodiment of the 
present invention; 

Fig. 2A is a side elevation view of a rotating channel 
member that includes an infrared transmitter in ac- 
cordance with a second preferred embodiment of 
the present invention; 

Fig. 2B is a side elevation view of a rotating channel 
member that includes an infrared receiver in ac- 
cordance with a second preferred embodiment of 
the present invention; 

Fig. 2C is a front elevation view of a portion of a 
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rotating channel member employed in the system 
shown in either Fig. 2A or 2B; 
Fig. 2D is a top plan view of a rotating channel mem- 
ber employed In the system shown in either Fig. 2A 
or2B; 5 
Fig. 2E is an enlarged side elevation view of a ro- 
tating channel member employed in the system 
shown in either Fig. 2A or 2B; 
Fig. 3A is a perspective view of a pair of foldable 
channel members that include an infrared transmit- io 
ter and an infrared receiver in accordance with a 
first preferred embodiment of the present invention; 
Fig. SB is a side elevation view of a foldable channel 
member employed in the system shown in Fig. 3A; 
Fig.3C isasideelevation view of a foldable channel 15 
member mounted in a support employed in the sys- 
tem shown in Fig. 3A; 

Fig. 3D is a side elevation view of the foldable chan- 
nel member of Fig. 3C in a folded position; 
Fig. 4A is a side elevation view of a bendable chan- 20 
nel member that includes an infrared transmitter in 
accordance with a third preferred embodiment of 
the present invention; 

Fig. 4B is a side elevation view of a bendable chan- 
nel member that includes an infrared receiver in ac- 25 
cordance with a third preferred embodiment of the 

present invention; 

Fig. 5 is a side elevation view of a preferred embod- 
iment of a support channel used for securing the 
foldable channel members of Figs. 3A and 3B; 30 
Fig. 6 is a top plan view of an embodiment of a sup- 
port member used for securing the rotating channel 
member of Figs. 2A and 2B to the leading edge of 
a door; 

Fig. 7 is a side elevational view of the support mem- 35 
ber of Fig. 6; 

Fig. 8 is a front elevational view of the support mem- 
ber of Fig. 6; 

Fig. 9 is functional block diagram schematic of the 
electronics employed in the preferred embodiment 40 
of the non-contact sensor system; 
Fig. 1 0A is a circuit diagram of an alternate embod- 
iment of an infrared transmitter employed in con- 
nection with the preferred embodiment of the 
present invention; 45 
Fig. 1 0B is a circuit diagram of an infrared receiver 
employed in connection with the circuit of Fig. 1 0A; 
Fig. 11 A is a schematic circuit diagram of a power 
supply circuit for a sensor system in accordance 
with a preferred embodiment of the present inven- 50 
tion; 

Fig. 1 1 B is a schematic circuit diagram of a receiver 
circuit for a sensor system in accordance with a pre- 
ferred embodiment of the present invention; 
Fig. 11 C is a schematic circuit diagram of a control 55 
circuit for a sensor system in accordance with a pre- 
ferred embodiment of the present invention; 
Fig. 12A is a side elevational view of a bendable 



channel member for receiving an infrared transmit- 
ter or receiver with a rigid mounting bracket or bar- 
rier in accordance with a fourth preferred embodi- 
ment of the present invention; 
Fig. 12B is a side elevation view of the bendable 
channel member Fig. 12A; 
Fig. 12c is a front elevational view of the rigid 
mounting bracket of Fig. 12A; 
Fig. 12D is an exploded perspective view of the 
bendable channel member and the rigid mounting 
bracket of Fig. 12A; 

Fig. 13A is a perspective view of a rigid mounting 
bracket in accordance with an alternate of the fourth 
preferred embodiment of Fig. 12A; and 
Fig. 1 3B is a side elevation view of the rigid mount- 
ing bracket of Fig. 13A. 

DETAILED DESCRIPTION OF THE INVENTION 

[0008] Referring to the drawings in detail, wherein like 
numerals indicate like elements throughout the several 
figures, there is shown in Fig. 1 a first preferred embod- 
iment of a non-contact sensor system 2 in accordance 
with the present invention. The non-contact sensor sys- 
tem 2 is employed to function with an existing actuator 
device or door controller 50 (Fig. 9) to cause a closing 
overhead door 12 or other structure to stop closing, to 
open or to move to a safe position when the non-contact 
sensor system 2 senses the presence of an object (not 
shown) within the path of the door 12. The non-contact 
sensor system 2 preferably causes the door 12 to stop 
before the door 12 contacts the object within the path of 
the door 12. The device 50 includes a limit switch 55 for 
detecting when the door 12 is in a nearly completely 
closed position. As shown in Fig. 1 , a doorway 1 1 is pro- 
vided with the door 1 2 which, in the present embodiment 
is an overhead door, but need not be. The door 1 2 opens 
or closes under the control of the device 50. In the pres- 
ently preferred embodiment, a sensing edge 10 is se- 
cured to a leading edge 14 of the door 12. The sensing 
edge 10 of the type described in the above-referenced 
patents or can be of any other suitable type. The non- 
contact sensor system 2 of the present invention can be 
used in place of a sensing edge 10, or in combination 
with a sensing edge 1 0. The non-contact sensor system 
2 can also be used in connection with movable struc- 
tures other than a door 12 such as a gate. 
[0009] The mechanical aspects of several embodi- 
ments of the non-contact sensor system of the present 
invention are illustrated in Figs. 2A-8. As illustrated in 
Fig. 3 A, a non-contact sensor system 2 controls move- 
ment of the door 12 moving in a first direction by actua- 
tion of the device 50. The sensor system 2 includes an 
emitter or transmitter 52 (hereinafter, "transmitter") ex- 
tending a predetermined distance D beyond a leading 
edge 1 4 of the door 1 2 at a first door end 1 6 (Fig. 1 ) for 
transmitting a signal (not shown) toward a second door 
end 18 (Fig. 1). The transmitter 52 may be an infrared 
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emitter, a light emitting diode (LED) or tine like. The 
transmitter 52 is attached to the door 1 2 by a first move- 
able member 21 A. The first moveable member 21 A is 
capable of engaging an underlying surface (not shown) 
such as the ground or an overlying floor when the door 
1 2 closes and moving to a retracted position. The sensor 
system 2 further includes a receiver 54 extending a pre- 
determined distance D beyond the leading edge 14 of 
the door 12 at the second door end 18 and in relative 
alignment with the transmitter 52 for detecting the trans- 
mitted signal, and for generating an output signal (not 
shown) when the transmitted signal is not received be- 
cause it is blocked. The receiver 54 is attached to the 
door 12 by a second moveable member 21 B. The sec- 
ond moveable member 21 B is capable of engaging the 
underlying surface when the door 1 2 closes and moving 
to a retracted position. The device 50 detects when the 
door 12 is nearly completely closed by the limit switch 
55 which is mounted separately on the door 1 2 or device 
50 from the moveable members 21 A, 218. The output 
signal is suppressed when the second moveable mem- 
ber 21 B is in the retracted position. The retracted posi- 
tion is determined by the limit switch 55. Limit switch 55 
may be an electromechanical limit switch, an inductive 
or capacitive proximity switch, a position transmitter with 
adjustable trip settings, or the like. In the present em- 
bodiment, a support member 22 (Fig. 5) includes a re- 
cess 23 proximate the first and second door ends 16, 
18 and the first and second moveable members 21 A, 
21 B move into the recess 23 as the door 12 closes to 
establish the retracted position. In an alternate of the 
present embodiment, the foldable channel members are 
attached directly to the door 1 2, and the recess is direct- 
ly in the door 1 2. The door 1 2 need not have a recess 23. 
[0010] In the first preferred embodiment, the first and 
second moveable members 21 A, 21 B each include a 
foldable channel member 20. The foldable channel 
members 20 are structurally identical and are formed of 
a resilient, flexible material that folds into the recess 23 
in the leading edge 14 of the door 12. The resilient ma- 
terial may be molded or extruded polymeric material 
such as polyvinyl chloride (PVC), polyethylene, high 
density polyethylene (HOPE), polypropylene, neoprene 
or the like, but the resilient material need not be poly- 
meric. The resilient material may be other materials. As 
shown in Fig. 3B, each foldable channel member 20 has 
a first end 24 and a second end 26. The foldable channel 
member 20 further includes a flair 27, a first elongated 
section 31 , a knee joint 25, a second elongated section 
33, a right angle 35 and a tongue 29. The flair 27 is lo- 
cated proximate the first end 24 and may be generally 
rectangularly shaped, geometrically shaped, or the like, 
but is preferably cylindrically shaped, and is intended to 
contact the underlying surface during a normal closing 
operation of the door 12. The flair 27 has a cavity 27a 
for housing either a transmitter 52 or receiver 54. The 
first elongated section 31 extends from a portion of the 
flair 27 in a first curvilinear form with a first variable width 



to the knee joint 25. The second elongated section 33 
extends from the knee joint 25 in a second curvilinear 
form with a second variable width to the right angle 35 
proximate the second end 26. The knee joint 25 has an 

5 inner angle 6 measured between the first section 31 and 
the second section 33. The inner angle 9 may between 
about 20Q and about 90Q, but is preferably about 30Q. 
The first curvilinear form and variable width, the second 
curvilinear form and variable width and the inner angle 

10 e are all selected in order to provide the foldable channel 
member 20 with a predisposition to fold onto itself. Other 
design criteria may also affect the selection of respec- 
tive lengths, widths and or configurations of the first and 
second sections 31 , 33 and inner angle 9. The criteria 

15 include a width of the door 1 2, a braking distance of the 
door 12, and the like. The tongue 29 extends from right 
angle 35 for mounting the foldable channel member 20 
directly to the door 1 2 or to the support member 22 (Fig. 
5). The tongue 29 may be of a keyed shape such as a 

20 half moon shape, or the like, having first and second 
tongue slots 29a, 29b for mechanically mating with a 
similar but complimentary shaped groove 37 in the sup- 
port member 22. 

[0011] The support member 22 is illustrated in Fig. 5. 

25 The support member 22 is comprised of a generally flat 
base 36, a pair of downwardly extending leg members 
38 and a pair of upwardly extending channels 40. The 
channels 40 are employed for securing the support 
member 22, either directly or indirectly, to the leading 

30 edge 14 of a door 12 in a manner well known to those 
of ordinary skill in the art. The downwardly extending 
legs 38 form a recess 23 therebetween that receives the 
foldable channel members 20 as the door 12 closes 
against the underlying surface. One of the downwardly 

35 extending legs 38, includes the groove 37 for receiving 
the tongue 29 of the foldable channel member 29 as de- 
scribed above. 

[0012] Referring to Figs. 3C and 3D, when the folda- 
ble channel member 20 is in the extended position, as 

40 shown by solid lines in Fig. 3C, gravity and the resiliency 
of the material used acts upon the foldable channel 
member 20 to bias the foldable channel member 20 in 
the extended position. As the door 12 closes, the flair 
27 contacts the underlying surface proximate the first 

45 end 24 forcing the flair 27 and the first section 31 to move 
in a direction of directional arrow B which simultaneous- 
ly forces the second section 31 to move in a direction of 
directional arrow A until the second section 33 reaches 
a position substantially in the recess 23 and where the 

50 opposing force of the right angle 35 limits further travel 
of the second section 33. As the door 12 continues to 
close, the first section 31 moves in a direction of direc- 
tional arrow C (Fig. 3D) toward the retracted position 
substantially in the recess 23 and approximately parallel 

55 with the second section 33. When the door 1 2 begins to 
open, once again gravity and the resilient nature of the 
material biases the foldable channel member 20 toward 
the extended position causing the foldable channel 
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member 20 to unfold in an opposite fasliion. 
[0013] In some applications, it may be desirable to 
change a length of the foldable channel members 20 to 
account for such variables as braking distance, speed 
of the door, and the like. In an application in which the 
braking distance of the door 1 2 is a known distance, the 
length of the channel members 20 should be such that 
there is sufficient time/distance for the door to come to 
a complete stop before reaching the point at which the 
signal from the transmitter 52 to the receiver 54 is bro- 
ken. It is preferable that the door 1 2 to never contact the 
object which breaks the signal. Thus, the length of the 
channel members 20 preferably extends at least the 
known distance beyond the leading edge 14 of the door 
12 so that the door 12 does not strike the object which 
broke the signal. Adjusting the length of the foldable 
channel members 20 may be accomplished in many 
ways including making extensible sections for the fold- 
able channel members 20 to allow telescoping adjust- 
ment of each section, changing the angle 9, or making 
the sections of the foldable channel members 20 in two 
pieces with the pieces being moveably secured together 
using a slot/bolt arrangement or some other arrange- 
ment. 

[0014] In the present embodiment, the first moveable 

member 21 A includes a transmitter 52 for establishing 
a signal which extends between the two aligned move- 
able members 21 A, 21 B when the moveable members 
21 A, 21 B are in the extended position as illustrated in 
Fig. 3A. The second moveable member 21 B includes a 
receiver 54. It will be appreciated by those of ordinary 
skill in the art that the location of the transmitter 52 and 
the receiver 54 could be reversed, if desired. The impor- 
tant feature is that the signal extends between the trans- 
mitter 52 and the receiver 54 and thus between the 
aligned first and second moveable members 21 A, 21 B 
so that as the door 12 moves toward the surface, any 
object in the path of the leading edge 14 of the door 12 
breaks or occludes the signal to thereby stop the move- 
ment of the door 12 before the door 12 or the sensing 
edge 10 comes into actual contact with the object. 
[0015] In a second preferred embodiment, as illustrat- 
ed in Figs. 2A-2E, a non-contact sensor system 2' in- 
cludes a first moveable member 21 A' and a second 
moveable member 21 B' which are structurally the same 
and are located on opposite ends 16, 1 8 of the door 1 2. 
Accordingly, only one of the moveable members 21 A', 
21 B' will be described below. Each moveable member 
21 A', 21 B' includes a rotating channel member 20' which 
is pivotally secured to a support member 22' (Figs. 6-8) 
for rotation between an extended position and a retract- 
ed position. The rotating channel member 20' includes 
a first end 24' with an angle a that is between about 30Q 
and 60Q, but is preferably about 45Q, and a second end 
26' with an angle p that is between about 60Q and 90Q, 
but is preferably about 75Q. The lower or distal portion 
of the first end 24' of the rotating channel member 20' 
includes a circular opening extending completely there- 



through for receiving a pin member 28' which serves as 
an axle for supporting a wheel 30' which extends within 
a channel 32' of the rotating channel member 20'. The 
second end 26' of the channel member includes an 

5 opening 34' which is employed for pivotally supporting 
the rotating channel member 20' on the support member 
22'. The rotating channel member 20' and the pin mem- 
ber 28' are preferably formed of a rigid, lightweight ma- 
terial, such as PVC, HOPE, Aluminum or the like. It will 

10 also be appreciated that the rotating channel member 
20' may be made of a less rigid, more flexible material 
such as rubber, neoprene or the like. In this manner the 
rotating channel member 20' is less likely to damage an 
object which it may engage during movementof the door 

15 12 or that might engage the rotating channel member 
20' while the door 1 2 is open. The wheel 30', as illustrat- 
ed in Fig. 2C is preferably formed of three flat washers 
to add weight to the distal end 24' of the channel mem- 
ber 20'. However, the wheel 30' could be formed of a 

20 single polymeric member or of any other suitable mate- 
rial. Details of the rotating channel member 20' as set 
forth in Figs. 2C-2E and details of the support member 
22' as set forth in Figs. 6-8 are only for the purpose of 
illustrating the configuration of the second preferred em- 

25 bodiment and should not be considered to be a limitation 
of the present invention. 

[0016] The support member 22' is illustrated in Figs. 
6-8. The support member 22' is comprised of agenerally 
flat base 36', a downwardly extending leg member 38' 

30 and a pair of upwardly extending channels 40'. The 
channels 40' are employed for securing the support 
member 22', either directly or indirectly to the leading 
edge 14 of a door 12 in a manner well known to those 
of ordinary skill in the art. The downwardly extending leg 

35 38', includes an opening 42' which is employed for re- 
ceiving a pin member 44' for pivotally connecting the ro- 
tating channel member 20' to the support member 22' 
as illustrated in Figs. 2A and 2B. When the rotating 
channel member 20' is pivotally secured to the support 

40 member 22', a coil spring 46' is installed around the pin 
member 44' and within the channel 32'. The purpose of 
the coil spring 46' is to bias or urge the rotating channel 
member 20' toward the extended position as shown in 
phantom in Figs. 2A and 2B. When the rotating channel 

45 member 20' is in the extended position as shown in 
phantom in Figs. 2A and 2B, the second end 26' limits 
movement of the channel member 22' to an angle y of 
between about 60Q and about 90Q, but preferably to ap- 
proximately 75Q with respect to the leading edge 14 of 

50 the door 1 2. If a sensing edge 1 0 is secured to the lead- 
ing edge 14 of the door 12, a portion of the sheath (not 
shown) of the sensing edge is removed to permit the 
rotating channel member 20' to pivot into the retracted 
position as shown in solid in Figs. 2A and 2B. If the door 

55 1 2 does not include a sensing edge 1 0 then an opening 
is provided in a weather seal, forming a recess (not 
shown) along the leading edge 1 4 of the door 1 2 for re- 
ceiving the rotating channel member 20' when in the re- 
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tracted position. The support member 22' is preferably 
made of a rigid lightweiglit material, such as aluminum. 
However, a polymeric material may alternatively be em- 
ployed. 

[GDI 7] Figs. 2A and 2B illustrate a non-contact sensor 
system 2' in accordance with the present invention, 
which includes a pair of generally aligned moveable 
members 21 A', 21 B' of the type described above which 
are secured proximate the first door end 1 6 and the sec- 
ond door end 1 8 of the leading edge 1 4 of a door 1 2 (not 
shown in Figs. 2A and 28) and are oriented so that the 
channels 32' are aligned and facing each other. As can 
be appreciated from the foregoing description and from 
Figs. 2A and 28, as the door 12 moves from an open 
position toward a closed position, eventually the wheels 
30' engage the underlying surface causing the move- 
able members 20' to pivot from the extended position 
as illustrated in phantom in Figs. 2A and 28 to the re- 
tracted position as illustrated with solid lines in Figs. 2A 
and 28. When the first and second moveable members 
21 A', 21 B' are in the retracted position, the first and sec- 
ond moveable members 21 A', 218' are effectively en- 
cased within the distal ends of the sheath of any sensing 
edge 10 secured to the leading edge 14 of the door 12 
or, if no sensing edge is employed, within the weather 
seal secured to the leading edge 14 of the door 12. As 
the door 1 2 is opened, the coil springs 46' and the force 
of gravity urge the channel members 20' to pivot back 
to the extended position as illustrated in phantom in Fig. 
28. 

[0018] In the present embodiment, the first moveable 
member 21 A' includes a transmitter 52 for establishing 
a signal which extends between the two aligned move- 
able members 21 A', 21 8' when the moveable members 
21 A', 218' are in the extended position as illustrated in 
phantom in Fig. 2A. The second moveable member 21 8' 
includes a receiver 54. It will be appreciated by those of 
ordinary skill in the art that the location of the transmitter 
52 and the receiver 54 could be reversed, if desired. The 
important feature is that the signal extends between the 
transmitter 52 and the receiver 54 within the two aligned 
moveable members 21 A', 21 8' so that as the door 12 
moves downwardly, any object in the path of the door 
12 breaks the signal and, thereby, stops the movement 
of the door 12 toward the surface before the door 12 
comes into contact with the object. 
[0019] It will be appreciated that the rotatab I e channel 
members 20' may be oriented in a manner which differs 
from the orientation shown in Figs. 2A and 28. For ex- 
ample, the rotatable channel members 20' could each 
be rotated ninety degrees so that the rotatable channel 
members 20' are aligned with each other, but are both 
perpendicular to the principal surface of the door 1 2 and 
thus, extend into a facility. Of course, if the orientation 
of the channel members 20' is changed from that shown 
in Figs. 2A and 28, the orientation or location of the 
transmitter 52 and receiver 54 may also have to be 
changed to establish the signal between the first and 



second moveable members 21 A', 218'. In addition, the 
connection between the rotatable channel members 20' 
and the support members 22' may be adjustable to fa- 
cilitate a different orientation of the channel members 
5 20'. 

[0020] In some applications, it may be desirable to 
change the length of the rotatable channel members 20' 
to account for such variables as braking distance, speed 
of the door, and the like. In an application in which the 

10 braking distance of the door 1 2 is a known distance, the 
length of the channel members 20' should be such that 
there is sufficient time/distance for the door 12 to come 
to a complete stop before reaching the point at which 
the signal from the transmitter 52 to the receiver 54 is 

15 broken. It is preferable that the door 1 2 to never contact 
the object which breaks the signal. Thus, the length of 
the channel members 20' preferably extends at least the 
known distance beyond the leading edge 14 of the door 
12, so that the door 12 does not strike the object which 

20 broke the signal. Adjusting the length of the rotating 
channel members 20' may be accomplished in many 
ways including making telescoping rotating channel 
members 20' or making the rotating channel members 
20' in two pieces with the pieces being moveably se- 

25 cured together using a slot/bolt arrangement or some 
other arrangement. 

[0021] In order to facilitate alignment of the transmit- 
ter 52 and the receiver 54, the first moveable member 
21 A' may be moveably attached to the second move- 
30 able member 21 8' by a connecting rod and a pivot or 
swivel joint or similar mechanical connection. 
[0022] In a third preferred embodiment, illustrated in 
Figs. 4A and 48, the first and second moveable mem- 
bers 21 A", 21 8" each include a bendable channel mem- 
35 ber 20". The bendable channel members 20" are struc- 
turally identical and have a coil spring housing 39" that 
bends into a recess 23" in the leading edge 14 of the 
door 1 2. The coil spring housing 39" may be constructed 
of resilient material such brass, steel, hard rubber or the 
40 like, but the resilient material may be other materials. 
Figs. 4A and 48 demonstrate that each bendable chan- 
nel member 20" has a first end 24" and a second end 
26". The bendable channel member 20" further includes 
an elongated section 31", a bending joint 25", and an 
45 attachment angle 35". The elongated section 31" may 
be generally rectangularly shaped, geometrically 
shaped, or the like, but is preferably cylindrically 
shaped, and is intended to contact the surface at least 
at the first end 24" during a normal closing operation. 
50 The housing 39" has a cavity 27a" for housing either the 
transmitter 52 or receiver 54. The first elongated section 
31 " includes the bending joint 25" whose location is de- 
termined by an overall length of the bendable channel 
member 20", a length and degree of bend of the attach- 
es ment angle 35" and a stiffness of the material of the 
housing 39". The attachment angle 35" is for mounting 
the bendable channel member 20" directly to the leading 
edge 1 4 of the door 1 2 or to a support member 22". The 
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attachment angle 35" may be threaded or grooved for 
attachment with nuts or snap-rings, but may utilize other 
known attachment mechanisms. 
[0023] The support member 22" is comprised of a 
generally flat base 36", a pair of downwardly extending 
leg members 38" and a pair of upwardly extending chan- 
nels 40". The channels 40" are employed for securing 
the support member 22", either directly or indirectly, to 
the leading edge 14 of a door 12 in a manner well known 
to those of ordinary skill in the art. The downwardly ex- 
tending legs 38" form a recess 23" that receives the 
bendable channel member 20" as the door 12 closes 
against the surface. When the bendable channel mem- 
ber 20" is in the extended position, as shown by solid 
lines in Figs. 4A and 4B, the coil spring housing 39" bi- 
ases the bendable chan nel member 20" to the extended 
position. As the door 12 closes, the first end 
24" contacts the support, forcing the elongated section 
31 " to bend at the bending joint 25" in a direction toward 
the recess 23" until the elongated section 31" reaches 
the retracted position which is substantially in the recess 
23" as shown in phantom in Figs. 4A and 4B. When the 
door 12 begins to open, the coil spring housing 39" bi- 
ases the bendable channel member 20", once again to- 
ward the extended position. 

[0024] In some applications, it may be desirable to 
change the length of the foldable channel members 
20" to account for such variables as braking distance, 
speed of the door, and the like. In an application in which 
the braking distance of the door 1 2 is a known distance, 
the length of the channel members 20" should be such 
that there is sufficient time/distance for the door to come 
to a complete stop before the door reaches the point at 
which the transmitted signal is broken. It is preferable 
that the door 12 to never contact the object which breaks 
the signal. Thus, the length of the channel members 20" 
preferably extends at least the known distance beyond 
the leading edge 14 of the door 12 so that the door 12 
does not strike the object which broke the signal. Ad- 
justing the length of the bendable channel members 20" 
may be accomplished in many ways including making 
stackable or threaded sections of the bendable channel 
members 20" to accommodate extension pieces or 
making the bendable channel members 20" in telescop- 
ing pieces with the pieces being moveably secured to- 
gether using a set screw arrangement or some other ar- 
rangement. 

[0025] In a fourth preferred embodiment, illustrated in 
Figs. 1 2A and 1 2D, the first and second moveable mem- 
bers 21"' are each mounted to a rigid mounting bracket 
or barrier 20"' or simply rigid mounting bracket 20"'. The 
rigid mounting bracket 20"' has an interfacing edge 25"' 
and is configured to be mounted to the leading edge 14 
of the door 12. The rigid mounting bracket 20"' is pref- 
erably formed of a polymeric material such as Hytrel, a 
commercially available product available from E.I. Du- 
Pont De Nemours & Company, 1007 Market St. Wilm- 
ington, Delaware 1 9898. The rigid mounting bracket 20"' 



has a substantially flat mounting adapter 22"' for inser- 
tion into a recess or groove (not shown) in the leading 
edge 14 of the door 12. The flat mounting adapter 22"' 
can be thereafter secured by screws or bolts and the 

5 like as is known in the art. The interfacing edge 25"' is 
configured to firmly meet the surface or ground when 
the door 12 is closed thereby providing a seal from the 
outside of the door 1 2. The transmitter 52 is attached to 
the rigid mounting bracket 20'" by the first moveable 

10 member 21 "'. The first moveable member 21 "' is formed 
of a resilient, flexible material and is configured to en- 
gage a surface when the door closes and moving be- 
tween a first extended position and a first retracted po- 
sition relative to the rigid mounting bracket 20"'. The re- 

15 ceiver 54 extends a second predetermined distance be- 
yond the leading edge 14 of the door 12 at the second 
door side in relative alignment with the transmitter 52 for 
detecting the signal and for generating an output signal 
when the transmitter signal is blocked. The receiver 54 

20 is attached to the rigid mounting bracket 20'" by the sec- 
ond moveable member 21"'. The second moveable 
member 21 '" is also formed of the resilient, flexible ma- 
terial and is configured to engage the surface when the 
door 12 closes and move between a second extended 

25 position and a second retracted position relative to the 
rigid mounting bracket 20"'. Each moveable member 
21 "' includes a flare portion 27"' for engaging the surface 
similar to the first preferred embodiment. Theoutputsig- 
nal is suppressed when the second moveable member 

30 is in the second retracted position. 

[0026] Optionally, the first and second moveable 
members 21 "' may include a wiring slot 27a'" (Fig. 1 2D) 
so that lead wires from the transmitter 52 or receiver 54 
can be pulled out through the wiring slot 27a'" thereby 

35 permitting the transmitter 52 or receiver 54 to be em- 
bedded farther into the first and second moveable mem- 
bers 21 "'. This configuration also keeps such lead wires 
away from the sides 16, 18 of the door 12 in order to 
reduce possible rubbing and wear of the lead wires of 

40 the transmitter 52 or receiver 54. Additionally, wiring 
holes 27b'" may be provided in the first and second 
moveable members 21 "' for routing the lead wires there- 
through. 

[0027] The first and second moveable members 21"' 
45 each bend backwardly and upwardly as the door 12 
closes until the first and second moveable members 21 "' 
reach the first and second retracted positions (solid in 
Fig. 12A), respectively, and each unbends downwardly 
and forwardly to the first and second extended positions, 
50 respectively, relative to the leading edge 14 of the door 
12 as the door 12 opens (phantom in Fig. 12A). When 
the door 1 2 is closed and the rigid mounting bracket 20"' 
engages the surface, the first and second moveable 
members 21 "' are protected from the elements, i.e., the 
55 rain. Sunlight, and extreme temperatures, thereby pro- 
tecting the first and second moveable members 21 "' and 
the transmitter 52 and receiver 54 therewith. 
[0028] Figs. 13A-13B show a rigid mounting bracket 
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20"" in accordance with an alternate of tine fourtli pre- 
ferred embodiment. Tine rigid mounting bracket 20'"' has 
a substantially flat mounting adapter 22'"' for insertion 
into a recess or groove (not shown) in the leading edge 
14 of the door 12. The flat mounting adapter 22"" can 
be thereafter secured by screws or bolts and the like as 
is known in the art. The interfacing edge 25"" is config- 
ured to firmly meet the surface or ground when the door 
12 is closed thereby providing a seal from the outside 
of the door 1 2. The transmitter 52 is attached to the rigid 
mounting bracket 20"" by the first moveable member 
21"' (Similar to Figs. 12A and 12D). However, as best 
shown in Fig. 1 3B, the interfacing edge 25"" of the rigid 
mounting bracket 20"" is offset from the substantially flat 
mounting adapter 22"" so that a front face 25a"" will be 
at least partially flush with a front surface of the door 1 2. 
The first moveable member 21 "' may also be somewhat 
protected or shielded by being partially under the door 
12 when the door 12 is closed and the rigid mounting 
bracket 20"" engages the surface. 
[0029] Figs. 10A-11C illustrate preferred embodi- 
ments of the electronics of the present system. As 
shown in Fig. 9, the transmitter 52 and the receiver 54 
are electrically connected to a controller 56, which in 
turn is electrically connected to the device or door con- 
troller 50. The controller 56 includes circuitry for gener- 
ating an appropriate transmit signal which is sent to the 
transmitter 52, as well as circuitry for receiving electrical 
signals from the receiver 54. In the preferred embodi- 
ment, the transmitter 52 is an infrared transmitter for 
transmitting an infrared signal and the receiver 54 is an 
infrared receiver for detecting infrared signals. However, 
other technologies may be used instead of infrared, 
such as microwave, radio wave, visible light, laser beam 
and the like, without departing from the broad scope of 
the invention. 

[0030] In the first preferred embodiment of the elec- 
tronics for a non-contact sensor system 2 depicted in 
Figs. 11 A-11C, the non-contact sensor system 2 has a 
control circuit 56, illustrated in Fig. 11C, coupled to the 
infrared receiver 54, illustrated in Fig. 11 B, for receiving 
the output signal from the infrared receiver 54 and for 
sending a failure signal to the device 50 only if no infra- 
red signal is received by the infrared receiver 54 for a 
predetermined time period. The infrared signal, the out- 
put signal and the failure signal may all be binary. Fur- 
ther, the output signal may be a series of pulses each 
having a substantially similar width and a predetermined 
time between pulses, the pulses being generated only 
in the presence of the infrared signal being detected by 
the infrared receiver 54. In the present embodiment the 
control circuit 56 has a microcontroller U1 which in- 
cludes at least one input for receiving the output signal 
from the infrared receiver 54. However, one of ordinary 
skill in the art would understand that the control circuit 
56 may include an application specific integrated circuit 
(ASIC), a processor, a microprocessor, programmable 
array logic (PAL), or a combination of hardwired logic 



gates or the like. The microcontroller U1 in the control 
circuit 56 has at least one output for sending a failure 
signal to the device 50 that controls the movement of 
the door 12. The microcontroller U1 includes a program 

5 for counting continuously repeating pulses of the output 
signal from the infrared receiver 54 until a predeter- 
mined number of continuously repeating pulses accu- 
mulates and for causing the microcontroller U1 to send 
the failure signal to the device 50. By counting a number 

10 of pulses, the control circuit 56 reduces the possibility 
of sending out a failure signal based upon a false output 
signal. Additionally, the infrared transmitter 52 may be 
set for a gain greater than one so that the transmitted 
signal is stronger, enabling the non-contact sensor sys- 

^5 tem 2 to detect signals over a greater distance and to 
compensate for lack of precise alignment between the 
infrared transmitter 52 and the infrared receiver 54. The 
non-contact sensor system 2 of the present invention, 
due to its ability to have an increased gain and error re- 

20 duction, is not susceptible to problems or false signals 
due to lack of precise alignment between the infrared 
transmitter 52 and the infrared receiver 54, noise, tran- 
sients or other problems. 

[0031] Fig. 11 A is a schematic circuit diagram of apre- 

25 ferred embodiment of a power supply circuit 58, for the 
present invention. The power supply circuit 58 compris- 
es a voltage regulator IC U5, two Zener diodes D2, D1 3, 
a diode bridge rectifier DB1, a power-on light emitting 
diode (LED) D8, an inductance coil LI, and various bi- 

30 asing components C4, C9, CIO, CI 5, R1, R9. In the 
present embodiment, the voltage regulator U5 is a Na- 
tional Semiconductor LM78M05C/TO and the diode 
bridge rectifier DB1 is a Diodes Incorporated™ 
HD04DICT. A voltage with a potential of between about 

35 7 to about 25 VDC is supplied, from an external power 
source (not shown), to the diode bridge rectifier DB1 
which in conjunction with the Zener diode D2 ensures 
that a proper polarity voltage is supplied to the input of 
the voltage regulator IC U5. The voltage regulator IC U5 

40 is capable of regulating an input voltage between about 
7 to about 25 VDC to an output voltage between about 
4.7 to about 5.3 VDC, but ideally to an output voltage 
between about 4.8 to about 5.2 VDC with a typical value 
of 5.0 VDC. Once supplied with a regulated voltage from 

45 the voltage regulator IC U5, the LED D8 is illuminated 
indicating that the circuit has regulated power. The pow- 
er supply circuit 58 supplies power at a regulated volt- 
age to other devices in the related circuits depicted in 
Figs. 11 B and 11C, described in detail below. It should 

50 be obvious to one skilled in the art to substitute other 
similar voltage regulators, bridge rectifiers, and the like, 
having different nominal input and output values without 
departing from the scope of the invention. In normal op- 
eration, power is continuously supplied to the power 

55 supply circuit 58, which in turn continuously provides 
power to the other parts of the circuit through commonly 
available electrical conductors, wires, jumpers or the 
like. 
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[0032] Fig. 11 B is a schematic circuit diagram of an 
infrared receiver 54 in accordance witli tine present em- 
bodiment. The infrared receiver 54 is supplied regulated 
power from the power supply circuit 58 at a voltage reg- 
ulated between about 4.7 to about 5.3 VDC, but ideally 
to an output voltage between about 4.8 to about 5.2 VDC 
with a typical value of 5.0 VDC. Infrared receiver 54 in- 
cludes an infrared receiver IC U4 and a filtering capac- 
itor C11 . The infrared receiver IC U4 in the present em- 
bodiment is a Panasonic PNA4611M infrared Photo IC. 
The combination of the infrared receiver IC U4 and the 
filtering capacitor C1 1 provides the capability of detect- 
ing a 36.7 kHz modulated infrared signal and outputting 
a low (zero) output as long as the modulated infrared 
signal is detected. However, it should be obvious to one 
skilled in the art to substitute other similar infrared re- 
ceiver IC's, photo-detector IC's, and the like having the 
same or different detection frequency capabilities with- 
out departing from the scope of the invention. It is de- 
sirable to select a receiver that has an extremely tight 
band-pass filter built Into its internal circuitry or associ- 
ated with it in order to reduce falsely detected occlusions 
of the signal due to noise. It is also important to select 
a receiver having a filter that passes signals which 
closely match the output of the associated Infrared 
transmitter. 

[0033] Fig. 11C is a schematic circuit diagram of a 
control circuit 56 in accordance with the present embod- 
iment. The control circuit 56 is supplied regulated power 
from the power supply circuit 58 at a voltage regulated 
between about 4.7 to about 5.3 VDC, but ideally to an 
output voltage between about 4.8 to about 5.2 VDC with 
a typical value of 5.0 VDC. The control circuit 56 com- 
prises a microcontroller U1, an external clock/crystal 
CR1, a relay K1, a relay driver transistor Q2, various 
resistors R2, R5, R1 1 , various capacitors CI 2, CI 4 and 
the infrared transmitter 52. The control circuit 56 also 
includes two other LED's: one for indicating relay-ener- 
gized D7 and one for indicating signal-acquired D14. 
The main logic of the control circuit 56 is provided by the 
microcontroller U1 which may or may not need to use 
the external clock/crystal CR1 as a logic time base. The 
microcontroller U1 in the present embodiment is a Mi- 
crochip™ PIC16F84/SO microcontroller in combination 
with an external crystal CR1 modulated at 4 MHz. The 
particular microcontroller U1 includes on-chip FLASH 
memory for retaining the controlling programming code 
without external devices such as electronically program- 
mable read only memory (EP ROM's) or electronically 
erasable programmable read only memory (EEP- 
ROM's), or the like, but such devices may be used if 
desired. The relay K1 , in the present embodiment, is a 
typical single pole single throw (SPST) dry contact type 
as is commonly known art; however, it would be obvious 
to one skilled in the art to substitute a variety of similar 
devices such as silicon controlled rectifiers (SCR's), 
power transistors, optical isolation devices, solid state 
switches, radio frequency transmitters, optical transmit- 



ters, and the like. 

[0034] The infrared transmitter 52 includes an infrared 
transmitter driver transistor Q1 , Zener diode D1 1 , infra- 
red LED D4 and biasing resistors R3, R10. In the 
5 present embodiment, the infrared LED D4 is a Unitech 
1500C4DA-VFL, the infrared transmitter driver transis- 
tor Q1 is a 2N7000 transistor, and the Zener diode is a 
1 N5232. An output of the microcontroller U1 connected 
to the Infrared transmitter 52 is specifically connected to 
the infrared transmitter driver transistor Q1 . The output 
of the microcontroller U1 connected to the infrared 
transmitter 52 is driven by the controlling programming 
in the microcontroller U1 to send the packets of ten volt- 
age pulses. Upon receiving the voltage pulses from the 
infrared transmitter driver transistor Q1 , the infrared 
LED D4 transmits an infrared signal modulated at be- 
tween about 20 kHz and 60 kHz but preferably at about 
36.7 kHz. However, one of ordinary skill in the art would 
understand that any of the components could be substi- 
tuted with other commonly available circuit devices with- 
out departing from the spirit of the invention. 
[0035] Fig. 1 0A is a circuit diagram of a second pre- 
ferred embodiment of a power supply circuitry 58' for an 
infrared transmitter 52'. The power supply circuitry 58' 
includes voltage regulator circuitry 60 and a square 
wave generator circuit 62. The square wave generator 
circuit 62 is comprised of an integrated circuit U1 0 and 
suitable biasing components which are arranged so that 
the integrated circuit generates an output square wave 
at a frequency between about five kilohertz (kHz) and 
about 130 kHz, but preferably at about ten kHz. It will 
be appreciated by those of ordinary skill in the art that 
any other suitable frequency could alternatively be em- 
ployed. The output from the integrated circuit U10 on 
pin 3 is applied through a smoothing filter R70 and C90 
to a switching transistor QIC which switches on and off 
at the same frequency. The switching transistor Q10 is 
connected to an additional smoothing circuit and the in- 
frared light emitting diode (LED) DIG. 
[0036] Fig. 1 0B is a circuit diagram of a second pre- 
ferred embodiment of a receiver circuit 54'. The receiver 
circuit 54' includes a pair of amplifiers 64 and an ampli- 
fier filter 66 for receiving electrical signals from an infra- 
red photo diode D60. The amplified signals are then ap- 
plied to a peak detector which effectively converts the 
received signals into DC signals. The DC signals are 
then applied to a comparator 70, the other input of which 
is provided by a dynamic reference generator 72. As 
long as the input signal to the comparator 70 is greater 
than the signal received from the reference generator 
72, the output of the comparator 70 remains high. The 
output from the comparator 70 is applied to a switching 
transistor Q20, which is connected to the coil of a relay 
controller. As long as the infrared signal is received by 
the infrared receiver 54', the output signal from the com- 
parator 70 is high, the transistor Q20 conducts and the 
coil of the relay functions to permit the door 12 to con- 
tinue to close. If the infrared signal is blocked by the 
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presence of an object in the path of the downwardly 
moving door 12, the output of the comparator 70 goes 
low turning off the transistor Q20 to change the state of 
the relay and, thereby, cause the door 1 2 to stop closing 
or to reverse itself and open. The door controller 50 de- 
activates the non-contact sensor system as the door 
gets close (within a few inches) to the surface. 
[0037] It will be appreciated by those of ordinary skill 
in the art that other components could alternatively be 
employed. In addition, it should be clearly understood 
that the circuitry of Fig. 10A employed for driving the 
infrared transmitter 52' and the receiver circuitry of Fig. 
10B are presented for the purpose of illustrating a first 
preferred embodiment of the invention and other circuit- 
ry could alternatively be employed. In fact, it will be ap- 
preciated by those of ordinary skill in the art that some 
other signal, other than an infrared signal, may alterna- 
tively be transmitted and received between the two 
moveable members 21 A, 21 B. 

[0038] From the foregoing, it can be seen that the 
present invention comprises a non-contact sensor sys- 
tem for a door having a transmitter, a receiver, and a 
control circuit. It will be appreciated by those skilled in 
the art that changes could be made to the embodiments 
described above without departing from the broad In- 
ventive concept thereof. It is understood, therefore, that 
this invention is not limited to the particular embodi- 
ments disclosed, but it is intended to cover modifications 
within the spirit and scope of the present invention as 
defined by the appended claims. 



Claims 

1. A non-contact sensor system (2, 2') that controls 
movement of a door (1 2) moving in a closing direc- 
tion, the sensor system (2) being characterized in 
that it comprises: 

(a) a generally rigid mounting bracket (20"', 
20"") having an interfacing edge and config- 
ured to be mounted to a leading edge (14) of 
the door (12); 

(b) a transmitter (52) extending a first predeter- 
mined distance (D) beyond the leading edge 
(1 4) of the door (1 2) at a first door side (1 6) for 
transmitting a signal toward a second door side 
(1 8), said transmitter (52) being attached to the 
rigid mounting bracket (20"', 20"") by a first 
moveable member (21 A, 21 A', 21 A"), said first 
moveable member (21 A, 21 A', 21 A") being 
formed of a resilient, flexible material and con- 
figured to engage a surface when the door (1 2) 
closes and moving between a first extended po- 
sition and a first retracted position relative to the 
rigid mounting bracket (20"', 20""); and 

(c) a receiver (54) extending a second prede- 
termined distance (D) beyond the leading edge 



(14) of the door (12) at the second door side 
(18) in relative alignment with the transmitter 
(52) for detecting the signal and for generating 
an output signal when the transmitter signal is 

5 blocked, said receiver (54) being attached to 

the door (12) by a second moveable member 
(21 B, 21 B', 21 B"), said second moveable mem- 
ber (21 B, 21 B', 21 B") being formed of said re- 
silient, flexible material and configured to en- 

10 gage the surface when the door (12) closes and 

moving between a second extended position 
and a second retracted position relative to the 
rigid mounting bracket (20"', 20""), the output 
signal being suppressed when the second 

15 moveable member (21 B) is In the second re- 

tracted position; 

wherein the first and second (21 A, 21 A', 21 A"; 21 B, 
21 B', 21 B") moveable members each bend back- 
20 wardly and upwardly as the door (12) closes until 
the first and second moveable members (21 A, 21 A', 
21 A"; 21 B, 21 B', 21 B") reach the first and second 
retracted positions, respectively, and each unbends 
downwardly and forwardly to the first and second 
25 extended positions, respectively, relative to the 
leading edge (14) of the door (12) as the door (12) 
opens. 

2. The non-contact sensor system according to claim 
30 1 , wherein the predetermined distances (D) are a 
function of a speed the door (12) is traveling and a 
stopping distance required to stop the door (12) af- 
ter the receiver (54) generates the output signal. 

35 3. The non-contact sensor system according to claim 
1, wherein the transmitter (52) is a unidirectional 
transmitter. 

4. The non-contact sensor system according to claim 
40 1 , wherein the transmitter (52) and the receiver (54) 

are infrared devices. 

5. The non-contact sensor system according to claim 
1 , wherein the first and second moveable members 

45 (21 A, 21 A', 21 A"; 21 B, 21 B', 21 B") are parallel with 
the leading edge (14) of the door (12). 

6. The non-contact sensor system according to claim 
1 , wherein the first and second predetermined dis- 

50 tances (D) are generally equal. 

7. The non-contact sensor system according to claim 
1 , wherein the first and second moveable members 
(21 A, 21 A', 21 A"; 21 B, 21 B', 21 B") are naturally bi- 

55 ased to unbend to a position generally beneath the 
interfacing edge (25"') of the rigid mounting bracket 
(20'", 20""). 
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8. The non-contact sensor system according to claim 
1, wherein a front surface of the generally rigid 
mounting bracket (20"', 20"") is it least partially flush 
with a front surface of the door (12). 
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